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The current experiments were conducted to evaluate organic poultry production and the 
digestibility of organic feeds and pasture forages.  A performance study was conducted to 
determine the effect of exogenous non-starch polysaccharide (NSP) enzyme 
supplementation on the performance and carcass characteristics of organically-reared 
broiler chickens.  The addition of an exogenous NSP enzyme cocktail improved the 
performance and carcass characteristics of organically-reared broilers given access to 
pasture only in spring months.  Pasture forages may contribute digestible nutrients to 
poultry; however, this contribution has not been evaluated in past research.  A 
digestibility study was conducted to determine the nitrogen-corrected apparent 
metabolizable energy (AMEn) and nitrogen-corrected true metabolizable energy (TMEn) 
of organic broiler diets and pasture forages.  Additionally, the true amino acid 
digestibility (TAAD) of pasture forages was evaluated using poultry as the model.  
Poultry given access to pasture can meet a portion of their nutrient requirements through 
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NSP = non-starch polysaccharide 
AMEn = nitrogen corrected apparent metabolizable energy 
TMEn = nitrogen corrected true metabolizable energy 
TAAD = true amino acid digestibility 
 
 
LWG = live weight gain 
FI = feed intake 
FE = feed efficiency 
HCW = hot carcass weight 
HGW = hot gizzard weight 
GRH = gizzard weight as a ratio of HCW 
CCW = chilled carcass weight 
CBW = chilled breast weight (boneless/skinless) 
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I.  ORGANIC PRODUCTION 
 
 Consumers have become increasingly concerned with animal welfare issues and 
the composition of diets fed to production animals.  In an attempt to address these 
concerns, organic poultry production has developed as an alternative to current 
conventional management practices.  Federal regulation states that stocking densities 
utilized in organic production must allow for natural behavior and organic poultry must 
have access to the outdoors, shade, shelter, and dry bedding [1].  However, broilers may 
be hesitant to properly utilize outdoor enclosures.  Past research has shown that fast-
growing strains of broilers given access to the outdoors will not take full advantage of 
enclosures due to a rapid growth rate and subsequent skeletal problems [2].  Therefore, it 
may be necessary to motivate poultry to utilize pasture enclosures.   
Dawkins et al. found that commercial broilers are more likely to utilize outdoor 
enclosures when shade and shelter are provided in the form of trees and shrubs [3].  In 
addition, research has reported that broiler strain and feed composition determine how 
often broilers are observed outside [2].  Commercial broilers fed a restricted-intake diet 
will utilize outdoor enclosures more than broilers fed a diet ad libitum [4].  Scott et al. [5] 
and Castellini et al. [6] found that birds with access to outdoor enclosures had decreased 
incidence of fear and stress, respectively.   
 The use of growth promoters, antibiotics, coccidiostats, and animal by-products 
are prohibited in organic poultry feed [1].  Feed must be certified organic and fed from 
the second day of life.  Moreover, the grains used to comprise a poultry ration must be 
certified organic [1].  Certified organic feed is expensive due to the high premiums 
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required for organic grain [7].  In 1997, organic soybeans cost 50% more than 
conventional soybeans and organic corn cost 73% more than conventional corn [8].  
Today organic grains can cost over 300% more than conventional grains [9, 10] and 
premiums are projected to increase [7].   
 Organic poultry have access to nutrient sources not available to birds reared in a 
conventional setting.  For example, organic poultry may utilize forage, insects, and 
annelids to meet their energy and amino acid requirements [4, 11, 12].  However, 
digestibility of these alternative nutrient sources for poultry is not known. 
II.  FORAGES   
Forage may be viewed as an alternative nutrient source for organically-reared 
poultry.  Grasses, such as Kentucky bluegrass and tall fescue, and legumes, such as red 
clover and white clover, are common in the eastern United States [13].  Poultry prefer 
pasture that is succulent and tender and past research has shown that white clover is the 
preferred pasture legume for poultry [14, 15].  Additionally, research has found that 
laying hens, given access to early-growth Kentucky bluegrass and fed a corn-based diet, 
perform well and may require 20 percent less concentrate than hens raised in confinement 
[16]. 
III.  PLANT CELL WALL STRUCTURE 
 In order for a plant to grow, the primary cell wall must be thin and extensible.  
Cellulose molecules covalently link to one another to form a ribbon-like structure.  
Bundles of long cellulose microfibrils are formed by hydrogen bonding between adjacent 
cellulose molecules.  Furthermore, these cellulose microfibrils are cross-linked to one 
another by hydrogen-bonded glycan molecules.  Glycans are a series of polysaccharides 
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composed of a long linear backbone containing one type of sugar (glucose, xylose, or 
mannose) from which short side chains of other sugars protrude.  These sugars are often 
insoluble in water and may be referred to as non-starch polysaccharides (NSPs).  
Examples include β-glucan, arabinoxylan, and mannan.  The backbone and the side-chain 
sugars vary depending on the plant species and its stage of development.  These bonds 
provide a configuration that is similar in structure to plywood and similar in tensile 
strength to steel [17].    
Once maximum growth is achieved a rigid secondary cell wall is deposited in 
layers inside the primary cell wall [17].  Coniferyl, p-hydroxyphenyl, and sinapyl 
alcohols are arranged into an indigestible web-like structure to form lignin; the most 
common component of the secondary cell wall [18].  Unlike most other carbohydrate 
components of the plant cell wall, lignin is a structural polymer and is highly indigestible 
to both ruminants and monogastrics [18].  The structural portion of a plant is primarily 
composed of lignin.  However, structure is also provided by cellulose, pectin, and NSPs.  
All of these entities have been identified as that contributing to digestibility problems 
[19].                      
IV.  NON-STARCH POLYSACCHARIDES 
All grains currently fed to poultry contain various amounts of NSPs (Appendix I).  
However, two main types are currently of importance in poultry nutrition; ß-glucans 
(xyloglucans) and pentosans (arabinoxylans) [20].  These compounds are polymers of the 
monosaccharides glucose and xylose, respectively.  Glycosidic bonds between the 
hemiacetal group of one sugar and the hydroxyl group of the other sugar join the 
monosaccharides into a linear chain that may contain side-chain linkages [20].  Henry 
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[21] and Bach Knudsen [22] reported that the largest amount of ß-glucans are found in 
barley and oats while the largest amount of pentosans are found in rye and wheat.  
Oligosaccharides, sugars with two to ten simple sugars linked together, are prevalent in 
soybeans [23].  Over the entire length of the digestive tract ß-glucans have been found to 
be least digestible and pentosans intermediate in digestibility [24].  Monogastrics have a 
limited ability to utilize some nutrients found in feed and forage due to the high level of 
NSPs [25, 26, 27].  Oats and barley contain a relatively consistent ß(1 4) backbone with 
or without ß(1 3) glucan linkages [24].  The prevalence of the ß(1 3) linkage prevents 
digestive enzymes from cleaving hydrogen bonds causing a decrease in digestibility of 
the nutrients found in these feedstuffs [28].  In contrast, pentosans found in rye and wheat 
are highly branched and vary considerably in structure [30].  Side chains consisting of 
one or more arabinose residues prohibit digestive enzymes from permeating the linear 
backbone [29].  These side chains have varying arabinose:xylose ratios and differ in 
degree of branching.  Thus, different cultivars of wheat and rye vary greatly in their 
response to exogenous enzyme supplementation [30].  The digestion of all nutrients is 
adversely affected by consumption of NSPs due to an anti-nutritive factor [20, 24, 27, 
31].  Leeson and Summers [20] reported that undigested NSPs bind large amounts of 
water resulting in a viscous digesta.  This bolus of viscous feed reduces the permeability 
of enzymes to the digesta and results in a decrease in overall digestion [30, 32].   
V.  FEED ENZYMES 
    Various enzymes have been developed to aid in the digestion of the NSP 
fraction of feed [33].  Exogenous enzyme inclusion in the diet may aid in digestibility by 
disrupting cell walls and allowing better access of digestive enzymes to encapsulated 
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nutrients [34].  The addition of exogenous enzymes cleaves the glycosidic bond of the 
unbranched β-glucans or pentosans.  In addition, exogenous enzymes may aid in 
digestion when endogenous enzymes are overwhelmed [35].  However, the efficacy of 
enzyme supplementation is litigious.   
 Swine average daily gain and carcass weight has been significantly improved with 
the addition of a hemicellulase enzyme to a corn-soybean based diet [36, 37].  Moreover, 
it has been found that the addition of a pentosanase enzyme to a soybean based diet 
significantly improved AME and NSP digestion in growing broiler chickens [38]. 
Broiler performance improvements associated with enzyme supplementation have been 
reported by Hetland and Svihus [39] with addition of a β-glucanase/xylanase/protease 
enzyme cocktail to a wheat or naked oat based diet.  Guenter [33] reported performance 
improvements with the addition of a cellulase enzyme to a barley or rye based diet.  
Additionally, Pettersson et al. [40] reported a significant improvement in broiler 
performance when a β-glucanase enzyme was added to a barley-based diet and when a 
pentosanase enzyme was added to a rye based diet. 
 Conversely, Kocher et al. [26] found that the inclusion of three different enzyme 
cocktails (cellulase/β-glucanase/xylanase, hemicellulase/pentosanase/xylanase, and 
hemicellulase/pectinase/β-glucanase) did not affect performance of broilers fed a 35% 
lupin diet compared to broilers fed the same diet with no enzyme supplementation.  
Supplementing a wheat-based diet with a β-glucanase enzyme has also been shown to not 
improve broiler performance when compared to the same diet without enzyme 
supplementation [41].  Moreover, Kocher et al. [23] reported that the addition of the 
industry suggested amount of a hemicellulase/pectinase/β-glucanase enzyme cocktail to a 
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corn-soybean based diet did not affect variables such as broiler AMEn and ileal protein 
digestibility; however, adding more than the suggested amount of enzyme did improve 
performance.  These conflicting data suggest that the magnitude of performance and 
digestibility improvement is dependent upon two variables; 1) a dose response correlated 
to enzyme supplementation and 2) the type and concentration of soluble NSPs in the 
feedstuffs [23, 33]. 
VI.  NON-STARCH POLYSACCHARIDE ENZYME (Appendix II) 
 The NSP enzyme cocktail to be utilized in the proposed research is commercially 
available.  The active enzyme is produced by submerged fermentation of Aspergillus 
aculeatus and the enzyme coating is synthetically produced using plant and mineral 
components.  The enzyme cocktail is formulated to contain endo-1,3(4)-β-glucanase, 
pentosanase, hemicellulase, and pectic-substance hydrolyzing activities.  It is intended for 
use in poultry, pigs, and other monogastric species fed diets containing soybeans, 












       
 





            
VII.  PASSAGE RATE 
   The rate that feed passes through the digestive tract of the chicken may influence 
the nutrition of the bird by 1) determining the length of time during which nutrients may 
be digested and absorbed, 2) determining the microbial population of the intestine and 3) 
limiting the daily feed intake [42].  If digesta markers are used, marked excreta will begin 
to appear 2-2.5 hours following intake and most marker will be excreted 12 hours post-
feeding [42].  Composition of the diet can significantly affect feed passage rate. 
 Supplementing broiler diets with high levels of fat may significantly lengthen 
feed passage time for broiler chickens [42, 43, 44].  Additionally, variation in particle 
size and feed restriction may also affect the rate of feed passage in poultry.  Hetland and 
Svihus [39] found a significant increase in feed passage time for broilers fed coarsely 
ground oats compared to finely ground oats.  Washburn [45] has stated that feed 
restriction has no effect on feed passage time when compared to birds provided with ad 
libitum feed and that feed passage time is not correlated to feed conversion ratio. 
 As previously stated, feedstuffs containing large amounts of NSPs will imbibe 
water causing a bolus of feed to form.  Consequently, this large bolus of feed results in 
the modification of feed passage time.  However, the affect of NSPs on broiler passage 
time is controversial.  Past research has shown that broiler diets high in NSPs result in 
longer feed passage time and a subsequent decrease in feed intake [46].  Insoluble fiber 
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(NSPs and lignin) affects intestinal function by accumulating in the gizzard [47] and 
results in lengthened passage time of the fiber fraction compared to other feed 
components [48].  Olver and Jonker reported that feed passage time in the gizzard was 
lengthened when birds were fed whole grain subsequently resulting in an increased feed 
passage time across the entire digestive tract [49].  In contrast, Smiths and Annison 
theorized that insoluble fiber would decrease feed passage time due to an increase in 
digesta bulk [19].  This theory is also prevalent in human nutrition [50].  Moreover, 
Svihus et al. [51] and Moore [52] found no significant difference in feed passage time 
between broilers fed whole wheat and ground wheat and broilers fed feeds with varying 
chemical structures, respectively. 
 Despite controversy over the relationship between increased NSP content and 
lengthened feed passage time, the addition of an exogenous NSP enzyme into poultry 
diets tends to accelerate feed passage time.  Almirall and Esteve-Garcia [48] and Salih et 
al. [53] found that the addition of an exogenous β-glucanase enzyme to a barley-based 
diet significantly shortened feed passage time likely due to a reduction in digesta 
viscosity.  Sieo et al. reported that supplementing a barley-based diet with a β-glucanase-
producing Lactobacillus accelerated feed passage time and led to a decrease in pancreas, 
liver, duodenum, jejunum, ileum, ceca, and colon weights.  In addition, jejunal villus 
height of chickens fed a diet supplemented with enzymes from transformed Lactobacillus 
strains were significantly higher than that of chickens fed diets with no enzyme 
supplementation [54].  This may result in an increase in feed efficiency for broilers fed 
diets containing beneficial exogenous enzymes.  Furthermore, supplementing a rye-based 
diet with a xylanase enzyme accelerated feed passage time and increased digestibility of 
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other nutrients in the diet [44, 55].  However, it is important to note that in all instances 
gastrointestinal tract utilization was reduced with increased age of the bird.   
VIII.  ENERGY DETERMINATION 
  Various measurements are used to determine the amount of energy available to 
poultry.  Accurate data on energy values of purified nutrients and crude feeding materials 
are necessary for quantitative studies in energy nutrition [56].  The poultry industry is 
continually expanding making it necessary to execute metabolism studies on improved 
and unconventional feed ingredients.  Various methods of determining energy have been 
used in the past [57, 58].  In 1946, an estimate of net energy using a carcass analysis 
technique was used to determine the net energy of many feedstuffs [59].  Hill and 
Anderson first reported on a procedure used to measure the metabolizable energy of a 
feedstuff by substituting the test ingredient into a semipurified diet [56].  Sibbald and 
Slinger modified this procedure by substituting the test feedstuff for all energy-yielding 
ingredients in the diet [60].  The amount of energy in the excreta was subtracted from the 
amount of energy in the feedstuff and referenced back to intake.   
Hill and Anderson corrected all data for positive nitrogen retention because the 
extent of retention differs with age and species [56].  Slinger et al. reported that 
differences in requirements may be due to a number of factors including genetic 
variations in the ability to digest and absorb nutrients.  For example, White Leghorn 
chicks have been shown to metabolize more energy per unit of feed than White Rock 
chicks; however, the authors state that correcting for nitrogen does little to improve ME 
values and the work involved is not justified [61].  Conversely, Potter suggested that a 
correction to zero nitrogen retention is necessary for reproducible results if ME is to be 
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measured with birds of various ages because of differences in rates of protein accretion or 
protein catabolism [62].  Therefore, a nitrogen correction factor is essential if 
comparisons of ME values for the same ingredient with different animals are to be made.  
Theorizing that all protein tissue oxidized for energy purposes would yield uric acid and 
that 8.22 kcal is the combustible energy value of uric acid per gram of nitrogen, a 
correction factor of 8.22 kcal/g can be utilized [56].  This method of energy 
determination is currently referred to as nitrogen corrected apparent metabolizable energy 
(AMEn).            
Currently, energy is measured using apparent metabolizable energy (AME) or 
true metabolizable energy (TME).  AME or AMEn is defined by the NRC as the gross 
energy of the feed consumed minus the gross energy of the excreta of feed origin [63].  
Sibbald reported that the energy components of feed are not all directly of dietary origin 
[64].  Therefore, a correction factor is made to account for any endogenous excretion 
from cell sloughing, protein degradation, or microbial loss.  A nitrogen correction is often 
applied to TME values to obtain a TMEn value.  TME values (or AME values) can be 
calculated through measurement of feed intake and excreta output, or by determining the 
ratio of dry matter intake or output through use of an inert dietary marker, such as 
chromic oxide [63]. 
IX:  AMINO ACID DIGESTIBILITY 
Dietary requirements for protein are actually requirements for the amino acids 
contained in the dietary protein.  Amino acid requirements vary greatly depending on 
productive state, environmental conditions, breed, and strain of the bird [63].  Amino acid 
digestibility is determined in a similar manner as AME or TME.  The concentration of 
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amino acids in the excreta is subtracted from the concentration of amino acids in the 
feedstuffs and related back to the amount of amino acid intake.  Sibbald estimated the 
loss of endogenous amino acids through the use of starved birds or birds fed a protein-
free diet [65]. 
 Methods used to estimate amino acid digestibility vary.  Papadopoulos [66] and 
Low [67] determined digestibility in vivo by sampling ileal digesta.  Whitacre and Tanner 
preferred this method because the modifying action of the hindgut microflora on protein 
composition is avoided [68].  However, Webb argued that amino acids are not absorbed 
in the hindgut of the chicken and that collecting ileal digesta is not necessary [69].  The 
amount of amino acids in the feedstuff also appears to affect amino acid digestibility.  
Many essential amino acids in common ingredients such as corn and soybean meal are 
digested with about 90% efficiency [70].  However, Kadim et al. reported that for rations 
containing lower concentrations of protein and amino acids, correction for endogenous 
losses led to amino acid digestibility values exceeding 100% [71].     
X: CECECTOMY (Appendix III and V) 
 Another complexity in determining digestibility is the role of the ceca.  The ceca 
provide a habitat for numerous microorganisms and various species of protozoa and 
parasites [72, 73].  It is unclear what role the active ceca play in a bird’s nutrition.   
Digesta may enter the ceca where proteins can be digested and amino acids can be 
degraded [71].  If cecectomized birds are used in a digestibility assay, there are minor 
effects for cereals and most vegetable proteins, although quite large differences are seen 
with animal proteins [74].  However, Mangold reported that the ceca may be a major site 
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of crude fiber digestion and that an avian species with a large ceca (chickens) has greater 
fiber digestion than an avian species with a rudimentary ceca (pigeons) [75]. 
XI.  OBJECTIVES 
The objective of the first study was to increase the performance and carcass 
characteristics of organically-reared broiler chickens by incorporating an exogenous NSP 
enzyme.  The hypothesis was based on the composition of forages and the success of 
enzyme supplementation in conventional poultry production.  Additionally, a second 
study was conducted that aimed to quantify the AMEn, TMEn, and TAAD of forage 
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Feed constitutes a substantial cost in organic production.  Organic poultry may have 
access to pasture; a nutrient source that has the potential to curtail feed costs.  Past 
research has demonstrated that feed restriction will motivate broilers to forage.    
Incorporating a non-starch polysaccharide (NSP) enzyme may enable broilers to better 
utilize nutrients found in forage.  The objective of the current study was to decrease feed 
costs by increasing forage utilization through 1) the use of dietary energy restriction and 
2) the incorporation of an exogenous NSP enzyme.  The experiment was conducted 
during the 3-to-8-week growing phase in spring and summer months on broilers with and 
without pasture access.  An energy x enzyme x pasture access effect (P=0.0064) was 
observed for live weight gain (LWG).  Broilers given no pasture access had higher LWG 
compared to broilers given pasture access.  In addition, consumption of normal energy 
diets improved LWG compared to low energy diets, regardless of pasture access.  
However, enzyme inclusion increased gain only when broilers were given access to 
pasture and fed the normal energy diet.  An enzyme x season effect was also observed 
with broilers given enzyme in spring months exhibiting a higher LWG (P=0.001) and 
larger chilled carcass weight (CCW) (P=0.0193) than broilers given enzyme in summer 
months.  Additionally, feed efficiency (FE) improved (P=0.0009) for broilers reared in 
spring months compared to broilers reared in summer months.  Forage intake was not 
affected by dietary energy or enzyme inclusion.   
Description of Problem 
 
The American public has become increasingly concerned with management 
practices and the composition of diets fed to production animals.  In accordance with the 
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demand for an increase in animal welfare, organic poultry production has become a fast 
growing segment of American agriculture.  Organic poultry production provides 
consumers a product derived from organically certified grain that is free of antimicrobial 
growth promoters.  Organic poultry producers supply only 1% of the poultry market in 
the United States, yet the demand for organic poultry products exceeds the supply [1].   
Organic poultry production offers an economic opportunity for integrated 
companies looking for a niche market and family farms looking to supplement existing 
income.  Land and husbandry costs are a small investment.  However, feed is a 
substantial cost in production.  The price of organic feed may be twice that of 
conventional feed due to the premiums required for organically certified grain.   
Little is known about the nutrient requirements of organic poultry.  Current diets 
are formulated to meet or exceed National Research Council (NRC) recommendations for 
poultry that are reared in a conventional setting.  However, organic broilers may have 
access to pasture; a nutrient source that has not been evaluated for use in poultry 
production.  Thus, it may be plausible to address animal welfare concerns and reduce 
feed costs by maximizing the use of pasture.   
In some free-range and organic production settings, birds may seldom leave the 
house [2].  This becomes a concern because the animals do not properly utilize outdoor 
enclosures, leading to a false consumer perception.  Nielsen et al. found that fast-growing 
commercial strains of birds given access to the outdoors will not take full advantage of 
pasture access due to a rapid growth rate and the subsequent correlation to impaired 
mobility [3].  In order to maximize pasture use, it is imperative that birds be motivated to 
spend time outdoors.  Restrictive feeding may motivate broilers to meet nutrient 
 26
requirements through foraging.  A commercial strain of broilers restricted to 50% intake 
of an ad libitum pair-fed group has been shown to consume significantly more forage [4].  
Thus, by providing a limited amount of feed, or perhaps reducing nutrient density, a 
producer may have the ability to motivate broilers to maximize forage intake.   
Feed costs may be offset by increasing forage intake and improving forage 
digestibility.  Nutrient availability of forage may be increased through the incorporation 
of feed enzymes.  Forage is a fiber based energy source consisting of assorted non-starch 
polysaccharides (NSP).  However, NSP levels vary depending on forage type, stage of 
growth, and season [5].  It has been well documented that monogastrics have a limited 
ability to utilize NSPs as a nutrient source [6, 7, 8].  In addition, NSPs may play an anti-
nutritive role; adversely affecting digestion of other nutrients by imbibing water and 
causing feed to form a bolus that may reduce exposure to digestive enzymes [7, 9].  
Moreover, increased consumption of NSPs has been linked to management problems 
involving increased stickiness of excreta and increased litter moisture [6, 10].   
Broiler chickens do not produce endogenous enzymes that aid in NSP digestion.  
Thus, they rely on acid digestion in the proventriculus and microbial degradation in the 
ceca and large intestine [9].  Digestion of NSPs can range from 21.9% in wheat diets to 
13% in lupin diets without enzyme supplementation [11].  The effectiveness of 
exogenous NSP enzymes in monogastric diets has been controversial.  Past research has 
shown that enzyme inclusion in a variety of poultry rations has no effect on performance 
or digestibility variables [6, 12, 13].  However, other studies report improved 
performance and digestiblity [8, 14, 15, 16].  Research on NSP enzyme supplementation 
associated with forage digestibility in poultry does not exist.  The objectives of this study 
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were to reduce feed costs by increasing forage utilization via the use of a low energy diet 
and to increase nutrient digestibility of forage through the incorporation of an exogenous 
enzyme cocktail containing ß-glucanase, pentosanase, and hemicellulase hydrolyzing 
activities.   
Materials and Methods 
Experiment 1
Five hundred day-old Ross 308x344 broilers [17] of mixed sex were obtained 
from a commercial hatchery.  All broilers were reared during the starter phase in floor 
pens located in a cross-ventilated negative pressure house using forced-air brooders.  
Broilers were provided with feed and water, supplied through feed pans and nipple 
drinkers, ad libitum.  The temperature of the room was maintained at 35oC (90oF) and 
decreased to 22oC (70oF) during the 0-2 week period.  One week prior to outdoor 
placement (2-3 week period), temperature was decreased so that indoor temperature was 
comparable to outdoor temperature in order to acclimate broilers (Table 1).  Broilers were 
fed a certified organic starter diet during the 0-to-3 week period (Table 2).  The diet met 
or exceeded NRC recommendations [18].  
 On day 21, 300 birds were randomly selected and transported to the West Virginia 
University organic farm [19].  Birds were assigned at random to one of five 3.05m x 
3.05m (10ft x 10ft) poultry houses utilizing natural ventilation.  Each house was divided 
into four equally sized pens that contained 15 birds at a stocking density of 1.5ft2/bird.  
Each pen was equipped with fresh wood shavings, a Kuhl® feed pan and hopper, and a 
five-gallon water fount.  All four pens within a single house had access to individual 
6.10m x 9.15m (20ft x 30ft) outdoor paddocks and unlimited forage; including Kentucky 
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bluegrass, white clover, red clover and tall fescue.  Broilers had access to pasture 
throughout all daylight hours (0800-2000) and were confined in the house throughout the 
night.   
An energy level x NSP enzyme inclusion factorial design was utilized to provide 
a total of four dietary treatments (Normal Energy/No Enzyme (NOR/NE), Normal 
Energy/Enzyme (NOR/E), Low Energy/No Enzyme (LOW/NE), and Low 
Energy/Enzyme (LOW/E)) (Table 2).  The normal energy (NOR) diet consisted of an 
organically certified grower diet that met NRC 3-to-6 week nutritional recommendations 
[18] with the exception of methionine.  Past research has shown that birds given access to 
pasture may, in part, compensate for small deficiencies in methionine through pasture 
access [4].  Hence, diets excluded synthetic methionine and were slightly deficient in 
methionine according to NRC recommendations (Table 2).  The low energy (LOW) diet 
was similarly formulated with the exception of a 7% energy reduction obtained by the 
addition of washed builder’s sand at the expense of corn and soybean [20] (Table 2).  
Treatments consisted of the two aforementioned diets with or without the addition of a 
commercially available NSP enzyme cocktail at an inclusion level of 1 kg/ton.  The 
enzyme cocktail was derived from the fermentation of Aspergillus aculeatus and 
contained β-glucanase, pentosanase, and hemicellulase hydrolysis activities [21].  The 
broilers fed LOW diets were pair-fed according to the previous day ad libitum 
consumption of broilers fed NOR energy diets.  Pair feeding was performed daily to 
standardize feed intake and to conclude that treatment differences were due to the 
variation in dietary energy.   
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Broilers without pasture access (negative control) were reared in floor pens at the 
West Virginia University poultry farm.  The negative control broilers were fed the same 
dietary treatments as broilers with pasture access.  Water was provided for ad libitum 
consumption through nipple drinkers and pair-feeding was utilized.  Each negative 
control treatment was replicated in five pens containing 10 birds/pen (1.5ft2/bird).  
Lighting and temperature were controlled within the constraints of management 
equipment to mimic the outdoor conditions.   
Live weight gain (LWG), feed intake (FI), feed efficiency (FE), forage intake, and 
percent mortality were determined from 21-to-38-days, 38-to-56-days, and the entire 21-
to-56-day experimental period.  Grass samples were collected in each paddock using the 
procedure outline by Rayburn and Rayburn [22].  Feed and grass samples were freeze-
dried [23], ground to 1mm [24], and analyzed for gross energy [25], nitrogen [26] and 
amino acid content [27].       
On day 57, all broilers were processed at the West Virginia University pilot 
processing plant.  Four broilers (2 males and 2 females) were selected from each pen 
within all houses and from each pen in the negative control room.  Broilers were selected 
based on their representation of the mean pen weight.  Hot carcass weight (HCW), hot 
gizzard weight (HGW), hot fat pad weight (HFW), chilled carcass weight (CCW), and 
chilled breast weight (CBW) data were obtained.  The study was conducted in spring 
months and then repeated in summer months to assess season effects.  All animals were 
reared according to protocols established by the West Virginia University Animal Care 




A feed passage time study was performed to assess possible passage time 
variation in diets that differed in energy and composition.  Sixty day-old Ross 308x344 
broilers [17] of mixed sex were obtained from a commercial hatchery.  All broilers were 
reared during the starter phase in a manner similar to Experiment 1 with the exception of 
brooding temperature.  Over a three week period, temperature was regulated 
thermostatically by beginning chicks at 35oC (90oF) and decreasing temperature to 22oC 
(70oF).  On day 21, broilers were transferred to 30.48cm x 50.80cm (12in x 20in) raised 
wire cages located in a cross-ventilated negative pressure room.  Three broilers were 
place in each cage that contained nipple drinkers and an external feed trough.    
The organic grower diets (Table 2) utilized in Experiment 1 were randomly 
assigned to cages within each of four blocks.  Feed and water were provided ad libitum 
during a seven-day adaptation period and fecal samples were collected to determine 
percent acid insoluble ash (AIA) from unmarked diets.  At the conclusion of the 
adaptation period (day 28), feed was restricted for 24 hours.  Broilers were then fed 
100g/cage of the same experimental diet but marked with 5.0% acid insoluble ash in the 
form of celite [28].  Marked diets were provided for two hours.  At the conclusion of the 
two-hour period, any remaining feed was removed and weighed to determine feed intake.  
Unmarked feed that corresponded to diets assigned for each cage was fed upon removal 
of the marked diet.  Water was provided ad libitum throughout the experiment.  Fecal 
collection began four hours after broilers were given marked diets and continued every 
two hours for the following 14 hours, then again at 24 hours.  Excreta samples were 
 31
weighed, freeze dried [23], and ground to 1mm [24].  Dry matter and acid insoluble ash 
were determined according to Vogtmann et al. [29] and feed passage time was calculated.          
Statistical Analysis 
 
 In experiment one, a season x energy x enzyme factorial split plot design was 
used in order to explore main effects and interactions of all treatments on performance 
and carcass characteristics.  Pasture access was designated as the main plot.  Season, 
energy, and enzyme constituted the sub plots.  A male to female ratio was used as a 
covariate for performance.  All possible linear contrasts were performed in order to 
explain significant interactions (data not compiled in table).  Orthogonal contrasts were 
used to answer specific interactions between treatments.  A second analysis, consisting of 
a Randomized Complete Block design, was used to analyze forage intake and feed 
passage time.  A male to female ratio and a legume to grass ratio were used as covariates 
for forage intake.  Fisher’s Least Significant Difference test was used for multiple 
comparisons between mean values for forage intake.  Duncan’s New Multiple Range test 
was used for multiple comparisons between mean values within each collection time for 
acid insoluble ash.   All statistical analyses were performed using the GLM procedure of 
the Statistical Analysis System [30].  Alpha was designated as 0.05.     
Results and Discussion 
Environmental Conditions 
The environmental conditions during spring and summer months are described in 
Table 1.  Broilers reared in spring months were exposed to lower temperature and 
humidity, as well as a shorter photoperiod, compared to broilers reared in summer 
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months.  Precipitation values were similar among study periods.  Environmental 
conditions are presented as descriptive data to support season effects.   
Organic Broiler Performance and Carcass Characteristics 
 Table 3 contains all performance data for the 21-to-38-day, 38-to-56-day, and 21-
to-56-day period.  Only the 21-to-56-day period will be discussed unless more specific 
periods are needed to support overall observations.  Table 4 describes the carcass 
characteristics of broilers processed on day 56.  In order to negate the effects of varying 
LWG, gizzard weight (GRH) and fat pad weight (FRH) are presented as a ratio to HCW 
and breast weight (BPC) is presented as a percentage of CCW.  
  Broilers fed LOW diets, despite pair-feeding, ate significantly less than broilers 
fed NOR diets (P=0.0001).  This result was thought to be due to variation in digestive 
transit time in the intestine of broilers fed the LOW diet that included washed builder’s 
sand.  Feed passage time data (Experiment 2) is described in Table 5.  Only broilers fed 
the LOW/E diet had increased feed passage time (P=0.0047 and P=0.0307) at six and 
eight hours post-feeding, respectively.  Danicke et al. [31, 32] and Lazaro et al. [33] 
found that enzyme addition reduced digesta viscosity and increased feed passage time of 
marker in the digestive tract resulting in an increase in feed intake.  In the current study 
FI was decreased.  Therefore, reduction in FI for broilers fed LOW diets is likely due to 
energy restriction during the growing period.  Energy restriction reduces the probability 
of an animal meeting optimal growth subsequently causing a decrease in FI [34, 35, 36].   
An energy x access interaction was observed for HCW (P=0.0223), CCW 
(P=0.0429), and GRH (P=0.033).  Broilers fed LOW diets and given access to pasture 
had smaller HCW and CCW compared to all other broilers.  However, pastured broilers 
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fed LOW diets had larger GRH than pastured broilers fed NOR diets or broilers fed either 
diet and given no access to pasture.  An energy x enzyme x access interaction was 
observed for FRH (P=0.0455).  Only when broilers were fed the LOW/NE diet and given 
access to pasture was FRH significantly reduced.  An increase in GRH and a decrease in 
FRH suggest that broilers fed LOW diets were attempting to compensate for dietary 
energy restriction through increased foraging activity and a subsequent increase in 
exercise.  This observation is consistent with Moritz et al. [4].   
An energy x enzyme x access interaction was observed for LWG (P=0.0064).  
Withholding pasture access resulted in increased LWG compared to broilers given 
pasture access.  In addition, consumption of NOR diets improved LWG compared to 
LOW diets for broilers within pasture access groups.  However, enzyme inclusion 
improved LWG only when broilers were fed NOR diets and given access to pasture.  
These data suggest that a NSP enzyme may be more beneficial when feeding a balanced 
ration to broilers given access to pasture.   
An enzyme x season interaction was also observed for LWG (P=0.001).  Feeding 
diets with enzyme resulted in increased LWG compared to feeding diets with no enzyme 
only in spring months.  Feed intake (P=0.0428) was also affected by season.  Broilers 
reared in spring months consumed less feed than broilers reared in summer months.  
However, broilers reared in spring months had significantly higher FE (P=0.0009).  A 
shorter photoperiod during the spring months as compared to the summer months 
(13.58hr vs. 14.92hr) may have influenced FI.  However, the fact that broilers in spring 
had larger LWG but consumed less feed suggests that they were able to compensate for 
decreased feed consumption by more efficiently utilizing feed and forage for growth.  
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Broilers reared in spring months had smaller GRH (P=0.0001) than broilers reared in 
summer months suggesting that broilers reared in summer months may have consumed a 
more fibrous forage.  Forage intake did not differ among treatments (P>0.05) or among 
seasons (P>0.05) (Table 6).  Therefore, these data suggest that forage utilized in summer 
months had a more fibrous consistency and a decreased nutrient value (Table 1).   
The level of NSPs in grains and forages fluctuates depending on season [37, 38].  
Nutrient values in grain and forage utilized in this study were superior in spring (Table 
1).  Nutrient value in forage has been documented to decline as the plant matures.  Plant 
maturation results in an increase in acid detergent fiber and neutral detergent fiber and a 
decrease in crude protein concentration [5].  Bach-Knudsen reported that the principal 
polymer of grass meal is cellulose, constituting 48% of total crude fiber [37].  However, 
crude fiber composition varies depending on season.  First-cut grass has been shown to 
have a total NSP content of 36.6% compared to 42.6% NSP content in second-cut grass 
[37].  Perhaps enzyme inclusion more easily degraded early-growth forage and grains 
obtained in the spring leading to more efficient nutrient utilization.  Broilers reared in 
spring months and supplemented with enzyme had a larger CCW and smaller FRH than 
broilers reared in summer months (P=0.0193 and P=0.0235, respectively).  In addition, an 
enzyme x season x access effect was observed for HCW (P=0.0489).  Pastured broilers 
fed diets containing enzyme in spring months had larger HCW than pastured broilers fed 
diets containing no enzyme in spring months or pastured broilers fed either diet in 
summer months.  These data support the theory that the capacity of an NSP enzyme to 
aid in the degradation of plant cell wall components is accentuated in spring months.  
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Mortality was not affected by dietary treatment, enzyme inclusion, pasture access, or 
season (P>0.05).  
Economic Analysis 
  In order to determine if there is an economic benefit associated with enzyme 
incorporation in an organic production system, pastured broilers fed NOR/NE were 
compared with pastured broilers fed LOW/E.  For the overall period, broilers fed 
NOR/NE had larger LWG (P=0.0349 and P=0.0001), HCW (P=0.0015 and P=0.0001), 
CCW (P=0.0019 and P=0.0001), and improved FE (P=0.0114 and P=0.0064) compared 
to broilers fed LOW/E in spring and summer months, respectively.  However, in spring 
months LWG and FE were not significantly different during the 38-to-56-day period 
suggesting compensatory growth of broilers fed the LOW/E diet.  Forage intake did not 
differ among treatments.  However, forage intake values did increase during the 38-to-56 
day period compared to the 21-to-38 day period for all treatments (Table 6).  Therefore, it 
is plausible that broilers given the LOW/E were able to digest more forage in spring 
months to compensate for decreased growth in the 21-to-38-day period.  Broilers fed 
LOW/E had greater GRH (P=0.0001) and a lesser FRH (P=0.015) than broilers fed 
NOR/NE in summer months.  This was not observed in spring months.  Broilers fed 
LOW/E and reared in summer months consumed a more fibrous forage (Table 3) that 
contributed to a larger GRH.  Mortality was not affected by dietary treatment or season.  
Therefore, feeding a LOW/E diet is not a valid means of reducing feed costs and broilers 
were not able to overcome a 7% energy restriction through increased foraging activity 
and enzyme supplementation.   
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Conclusions and Applications 
1.  Feed restriction did not result in increased forage intake for broilers between treatment 
or season.  
 
2.  In spring months, enzyme inclusion enhanced performance only when broilers were 
given access to pasture. 
 
3.  Reducing dietary energy by 7% and incorporating an exogenous enzyme is not a 
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Mean Temp °F(°C) 57.7 (13.9) 70.8 (21.1) 
Max Temp °F(°C) 69.4 (20.3) 80.9 (26.6) 
Min Temp °F(°C) 46.1 (7.4) 61.3 (15.8) 
Precipitation in. (cm) 0.08 (0.19) 0.09 (0.23) 
Wind Speed mph (km/h) 3.7 (6.0) 2.5 (3.9) 
Humidity (%) 67.3 78.9 




















Feed Nutrient ContentC 21.52 9.72 3.06 20.33 8.21 1.41 













ANeutral Detergent Fiber 
BAcid Detergent Fiber 
CNDF and ADF were determined using a subsample of the NOR/NE diet from spring and summer trials, respectively 
DNDF and ADF were determined using a subsample of forage collected during the spring and summer trials, respectively 
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Table 2.  Diet formulations and nutrient parameters for organic diets. 
Ingredients Starter Nor/ EA Nor/ NEB Low/ EC Low/ NED
Organic Corn 51.43 58.81 58.82 50.37 50.39 
Organic Soybean FFE 41.50 31.38 31.39 33.81 33.83 
Organic Soybean FPF 2.94 6.46 6.47 5.62 5.63 
Limestone 1.45 1.53 1.55 1.34 1.36 
Dicalcium Phosphate 1.79 1.24 1.26 1.28 1.29 
Salt 0.46 0.31 0.33 0.32 0.33 
Poultry PremixG 0.19 0.16 0.18 0.17 0.18 
DL-Methionine 0.25 ------ ------ ------ ------ 
SandH ------ ------ ------ 6.98 6.99 
Ronozyme VP ------ 0.11 ------ 0.11 ------ 
Calculated Nutrients 
ME (kcal/kg) 3200 3200 3200 2976 2976 
Crude Protein (%) 22.14 19.89 19.89 19.89 19.89 
Methionine (%) 0.58 0.32 0.32 0.31 0.31 
Analyzed Nutrients 
Crude Protein (%) ----- 19.75 19.03 19.54 18.82 
Methionine ----- 0.35 0.34 0.32 0.32 
ANormal Energy with Enzyme Inclusion 
BNormal Energy with NO Enzyme Inclusion 
CLow Energy with Enzyme Inclusion 
DLow Energy with NO Enzyme Inclusion 
Efull fat roasted soybeans 
FFrench pressed soybean meal 
GSupplied per kg of diet: vitamin D3, 3306 ICU; vitamin A, 8816 IU; vitamin E, 22 IU; vitamin K, 1.7 mg; thiamin, 1.1 mg; riboflavin, 5.5mg; niacin, 44mg; D-pantothenic acid, 
11mg; pyridoxine 2.2mg; folic acid 0.6mg; biotin, .03mg; vitamin B12; .013mg; choline (0.05% inclusion), 300mg; calcium, 75mg; sodium, 0.02 mg; potassium, 1.1 mg; 
magnesium, 21 mg; manganese, 144 mg; zinc 80 mg; iron, 32 mg; copper, 8 mg; iodine, 1.6 mg; selenium, 0.32 mg. 
HWashed Builders Sand 
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 Table 3. Influence of enzyme inclusion and dietary energy restriction on 3-to-8-week broiler performance
Energy Level Enzyme Inclusion Pasture Access 21 to 38 38 to 56 21 to 56 21 to 38 38 to 56 21 to 56 21 to 38 38 to 56 21 to 56 21 to 38 38 to 56 21 to 56 
(% of Diet)
Normal 0.11 Yes 0.8896 1.524 2.4136 2.0283 3.3126 5.3697 0.4385 0.4615 0.4528 0 1.3333 1.3333 
Normal 0 Yes 0.8419 1.3652 2.2071 1.9104 3.1165 5.1084 0.4406 0.4411 0.4409 0 4 4 
Low 0.11 Yes 0.712 1.3734 2.0854 1.8245 3.1111 4.9615 0.3903 0.4425 0.423 0 1.3333 1.3333 
Low 0 Yes 0.6886 1.2123 1.9009 1.7817 2.9475 4.3518 0.3875 0.4112 0.4524 1.3333 0 1.3333 
Normal 0.11 No 0.9988 1.4348 2.4336 2.5312 3.5358 6.067 0.4086 0.4133 0.4111 0 0 0 
Normal 0 No 1.0204 1.4828 2.5032 2.2952 3.7165 6.0571 0.455 0.417 0.4318 0 2 2 
Low 0.11 No 0.9608 1.4172 2.378 2.1566 3.229 5.3856 0.446 0.4396 0.44223 0 0 0 
Low 0 No 0.8738 1.3929 2.2667 1.988 3.0281 5.0586 0.4386 0.4604 0.4516 0 2 2 
Normal 0.11 Yes 0.9907 1.2993 2.2899 1.9941 3.3881 5.4807 0.4969 0.3911 0.4316 0 4 4 
Normal 0 Yes 0.955 1.2933 2.2483 1.9977 3.4608 5.548 0.4847 0.3817 0.4205 2.6667 4 6.6667 
Low 0.11 Yes 0.7747 1.1516 1.9263 1.7797 3.1258 4.9866 0.4352 0.3763 0.3984 0 4 4 
Low 0 Yes 0.771 1.1865 1.9575 1.8062 3.1526 4.9587 0.4363 0.3763 0.3983 2.6667 0 2.6667 
Normal 0.11 No 1.0828 1.2703 2.3531 2.2736 3.7793 6.1104 0.48 0.348 0.3981 0 2 2 
Normal 0 No 1.1448 1.4025 2.5473 2.248 3.9552 6.3185 0.5094 0.3619 0.4172 0 4 4 
Low 0.11 No 0.926 1.224 2.15 2.0012 3.3496 5.3508 0.4628 0.3652 0.4018 0 0 0 
Low 0 No 0.972 1.1859 2.1579 2.0656 3.4917 5.6028 0.4705 0.3525 0.397 0 2 2 
0.0001 NS 0.0003 0.0019 NS 0.0183 NS NS NS NS NS NS 
0.0001 0.0001 0.0022 NS 0.0052 0.0428 0.0001 0.0001 0.0009 NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 NS NS NS NS NS 
0.0176 NS 0.0249 NS NS NS 0.0042 0.0098 NS NS NS NS 
0.025 NS NS NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
NS 0.0248 0.0102 NS NS NS NS NS NS NS NS NS 
0.0254 0.007 0.001 0.0445 NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
0.0361 0.0382 0.0064 NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS 
Orthogonal Contrasts 
0.0009 NS 0.0349 NS NS NS 0.0001 NS 0.0114 NS NS NS 
0.0001 0.0205 0.0001 0.0002 0.0064 0.0037 0.0001 NS 0.0064 NS NS NS 
A Live weight gain 
B Feed intake 
C Feed efficiency 
          Energy x Enzyme x Season 
     Season 
          Season x Access 
     Energy 
          Energy x Access 
          Enzyme x Season x Access 
p-values
          Enzyme x Energy 









2 Seasons x 2 Energy Levels x 2 Enzyme Inclusions
          Enzyme x Access 
(%)
Mortality at day 
          Energy x Season x Access 
          Energy x Season 
p-values p-values p-valueswithin Split Plot 
     Enzyme 
Access 
Spring- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture
Summer- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture
FEC at day
(kg) (kg/bird) (kg/kg)
LWGA at day FIB at day
          Energy x Enzyme x Season x Access 




Table 4. Influence of enzyme inclusion and dietary energy restriction on 3-to-8-week broiler carcass characteristics
HCW A HGW B GRH C CCW D CBW E FPW F FRH G BPC H
Energy Level Enzyme Inclusion Pasture Access day 56 day 56 day 56 day 56 day 56 day 56 day 56 day 56
(%) (kg) (kg) (%) (kg) (kg) (kg) (%) (%)
Normal 0.11 Yes 2.143 0.0461 2.1476 2.2608 0.5623 0.0354 1.6721 24.9576
Normal 0 Yes 2.0667 0.0461 2.2394 2.1402 0.525 0.0346 1.7044 24.5751
Low 0.11 Yes 1.9255 0.0439 2.2747 2.001 0.4823 0.0309 1.6287 24.0847
Low 0 Yes 1.8232 0.0451 2.4708 1.8957 0.4557 0.0232 1.2938 24.0861
Normal 0.11 No 2.1681 0.044 2.0601 2.3115 0.5588 0.0476 2.2309 24.207
Normal 0 No 2.2575 0.0439 1.9515 2.3466 0.582 0.0454 2.0451 24.8213
Low 0.11 No 2.1653 0.0424 2.0464 2.2519 0.5407 0.0436 2.035 23.9707
Low 0 No 2.0889 0.0429 2.0697 2.1903 0.538 0.0359 1.7275 25.3716
Normal 0.11 Yes 1.9189 0.0444 2.3282 1.9926 0.4873 0.0503 2.6435 24.4678
Normal 0 Yes 1.9545 0.0443 2.2685 2.0241 0.4849 0.0609 3.1293 23.9656
Low 0.11 Yes 1.6533 0.0449 2.7272 1.7151 0.4134 0.041 2.4836 24.1163
Low 0 Yes 1.7707 0.0452 2.5664 1.8438 0.4492 0.0339 1.9187 24.3121
Normal 0.11 No 2.0976 0.0437 2.0873 2.1665 0.5189 0.0598 2.8741 23.9921
Normal 0 No 2.1499 0.0442 2.0665 2.2264 0.5355 0.06966 3.2618 24.0839
Low 0.11 No 1.9657 0.0438 2.2449 2.0296 0.4797 0.0474 2.4468 23.6287
Low 0 No 1.9271 0.0423 2.2114 2.0000 0.4714 0.0586 3.003 23.5397
p-values p-values p-values p-values p-values p-values p-values p-values
0.0003 0.0224 0.0003 0.0001 0.0006 0.0001 0.0001 NS
0.0001 NS 0.0001 0.0001 0.0001 0.0001 0.0001 NS
NS NS NS NS NS NS NS NS
0.0001 NS 0.0001 0.0001 0.0001 0.0001 0.0001 NS
0.0223 NS 0.033 0.0429 NS NS NS NS
NS NS NS NS NS 0.0302 NS NS
NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS
0.0481 NS NS 0.0193 NS 0.0022 0.0235 NS
NS NS NS NS NS 0.0383 NS NS
NS NS NS NS NS NS NS NS
0.0489 NS NS NS NS NS NS NS
NS NS NS NS NS NS 0.0455 NS
NS NS NS NS NS NS NS NS
NS NS NS NS NS NS NS NS
Orthogonal Contrasts 
0.0015 NS NS 0.0019 0.012 NS NS NS
0.0001 NS 0.0001 0.0001 0.0001 0.0001 0.015 NS
A Hot carcass weight  
B Hot gizzard weight (cleaned, washed, and patted dry) 
C Gizzard weight as a ratio of HCW 
D Chilled carcass weight (ice bath) 
E Chilled breast weight (boneless/skinless) 
F Hot fat pad weight 
G Fat pad weight as a ratio of HCW 
H Breast weight as a percent of CCW (boneless/skinless) 
Spring- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture









2 Seasons x 2 Energy Levels x 2 Enzyme Inclusions
within Split Plot 
Access 
     Season 
          Season x Access 
     Energy 
          Energy x Access 
          Energy x Season 
     Enzyme 
          Energy x Enzyme x Access 
          Energy x Enzyme x Season 
          Energy x Enzyme x Season x Access 
          Enzyme x Access 
          Enzyme x Season 
          Energy x Season x Access 
          Enzyme x Season x Access 
          Enzyme x Energy 
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Table 5. Influence of enzyme inclusion and dietary energy restriction on passage time as determined by percent acid insoluble ash.  
 
  % Ash 
  Time of Collection (hr) 
Treatment FIA (g) 0B 4 6 8 10 12 14 16 18 24 
Nor E w/ Enz 
 
99.100 0.283B 7.512 13.398B 9.372B 1.353 1.081 1.402 1.236 1.140 3.564 
Nor E w/ NO 
Enz 
99.325 1.042B 8.800 13.095B 11.444B 1.617 1.157 1.148 0.698 0.737 0.191 
Low E w/ Enz 
 
98.100 13.715A 13.553 21.231A 17.282A 5.268 2.165 2.343 0.983 0.618 0.000 
Low E w/ NO 
Enz 
98.550 13.174A 6.969 14.819B 11.255B 2.247 1.036 1.109 1.158 1.645 0.553 
ANOVA  
p-values 
0.1665 0.0001 0.6432 0.0047 0.0307 0.3491 0.4771 0.8303 0.9035 0.8789 0.4228 
 
Means within a column without a common superscript differ significantly (P<0.05) 
%AIA values for collection times of 4, 6, 8, 10, 12, 14, 16, 18, and 24 post-feeding where corrected for endogenous %AIA in excreta 
AFeed intake per cage 
B%AIA of unmarked feed 
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Table 6.  Forage intake in treatment paddocks. 
 Spring Study Summer Study 
 Nor E w/  
Enz 
Nor E w/  
NO Enz 
Low E w/  
Enz 
Low E w/  
NO Enz 
Nor E w/  
Enz 
Nor E w/  
NO Enz 
Low E w/ 
 Enz 







































































Means within a column without a common superscript differ significantly (P<0.05) 
Aforage intake was measured on a dry matter basis per treatment per day [41].  Mean values did not significantly differ between season (P>0.05) or between treatments 
within season (P>0.05). 
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Fifty years ago poultry were commonly reared on pasture.  Today poultry diets are 
formulated based on requirements of birds reared in confinement.  Consumer demand for 
organic and free-range poultry has resulted in an increase in use of certified organic 
rations and pasture by poultry producers.  In conjunction with feed, poultry may have the 
ability to utilize nutrients found in forage.  The objectives of this study were three-fold; 
1) to assess changes in AMEn and TMEn of organic grower diets with or without enzyme 
supplementation compared to a conventional grower diet, 2) to assess changes in AMEn, 
TMEn, and TAAD of forage samples with or with enzyme supplementation and 3) to 
determine if modification of the cecum affects forage AMEn, TMEn, and TAAD for 
cecectomized roosters, intact roosters, and intact roosters fed grass.  The experiment was 
conducted using 98 Single Comb White Leghorn W-36 roosters.  Roosters were divided 
into three groups designated as cecectomized (CEC), intact (CONV), and intact fed grass 
(C+G).  Dietary treatments consisted of four organic grower diets formulated using an 
energy level (NOR vs. LOW) x NSP enzyme inclusion factorial (E or NE), a 
conventional grower diet (GROW), a composite forage sample (FOR/NE), and a 
composite forage sample supplemented with an exogenous NSP enzyme (FOR/E).  Four 
roosters from each bird type were utilized to obtain endogenous losses.  Dietary treatment 
significantly affected AMEn and TMEn (P=0.0001 and 0.0001, respectively).  Enzyme 
supplementation of organic feeds significantly increased AMEn and TMEn values 
(P=0.0213 and P=0.0234, respectively).  Bird type had no effect on AMEn and TMEn for 
any treatment (P=0.2453 and P=0.3609).  True amino acid digestibility of forage was not 
affected by enzyme supplementation (P>0.05).  However, trends in bird type were 
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observed for several amino acids (P<0.11).  Manipulation of cecal microbial population 
had no effect on AMEn, TMEn, or TAAD (P>0.05).     
 Description of Problem 
 Fifty years ago the majority of poultry were reared in small-farm flocks utilizing 
pasture as a primary nutrient source.  Good pasture provided the bulk of vitamins and 
also supplied a preponderance of protein and minerals [1].  Today, nutritionists formulate 
diets based on recommendations by the National Research Council (NRC) [2].  However, 
recommendations focus on poultry reared in confinement.   
 Given the recent consumer demand for increased animal welfare and concern over 
the composition of broiler diets, organic poultry production has become a growing 
segment of the poultry industry.  Organic poultry have access to pasture; a nutrient source 
that has not been fully evaluated for use in poultry.  Laying hens and broiler chickens 
given access to pasture may meet various nutrient needs through foraging.   
 Buckner et al. found that giving laying hens access to early-growth Kentucky 
Bluegrass resulted in a 20% reduction in feed consumption and increased egg production 
compared to hens raised in confinement [3, 4].  Additionally, hens reared on alfalfa or 
ladino clover need considerably less feed protein than confined hens [1].  High quality 
alfalfa hay can supply carotene and help furnish Vitamin K and E [1].  Feed having only 
11 to 12 percent protein has been shown to be adequate for hens on good pasture [5].  
Additionally, Moritz et al. reported that commercial broilers may overcome growth 
impairments associated with methionine deficiency through foraging [6].   
 Plant cell walls are typically composed of cellulose, non-starch polysaccharides 
(NSP), pectin, and lignin [7].  The NSP portion of the plant is associated with anti-
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nutritive factors that may lead to poor digestibility in the chicken [8, 9].  Researchers 
have partially combated problems with NSP anti-nutritive factors by supplementing 
feedstuffs with exogenous enzymes [10, 11, 12].   
Bird type and diet composition may influence metabolizable energy and amino 
acid digestibility values.  Sibbald and Slinger [13] and Slinger et al. [14] reported that the 
use of leghorns as an assay for ME may result in an overestimation of energy available to 
broiler-type chickens.  In contrast, Potter has reported that varying breeds may be used if 
digestibility values are corrected to zero nitrogen retention to account for variation in 
protein accretion and protein catabolism [15].  High fiber diets have resulted in increased 
N excretion and large variability in TMEn values [16, 17, 18] and may subsequently 
affect amino acid digestibility [17].     
The ceca comprise a major part of the large intestine in poultry and provide a 
habitat for numerous microorganisms [19].  Changes in diet composition may alter the 
microbial population of the ceca [20].  Duke et al. has theorized that lack of digestibility 
variation in low and high fiber diets is due to the absence of an adaptation period and that 
providing a high fiber diet prior to experimentation may stimulate development of cecal 
flora more capable of fiber digestion [21].  However, the nutritional advantage of hindgut 
fermentation to the bird is unclear.  Past research has shown that amino acids are not 
absorbed in the hindgut of the chicken in nutritionally significant quantities [22].  
Johnson [23] and Ragland et al. [24] have stated that cecectomized birds should be used 
to prevent overestimation of amino acid digestibility in feedstuffs.  Parsons [25] and Son 
[26] reported greater excretion of amino acids and improved nitrogen utilization in 
cecectomized birds compared to intact birds due to the lack of microbial fermentation. 
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The objectives of this study were 1) to assess changes in AMEn and TMEn of 
organic grower diets with or without enzyme supplementation compared to a 
conventional grower diet, 2) to assess changes in AMEn, TMEn, and TAAD of forage 
samples with or with enzyme supplementation and 3) to determine if addition of forage to 
the diet affects forage AMEn, TMEn, and TAAD for cecectomized roosters, intact 
roosters, and intact roosters fed grass. 
Materials and Methods 
Ninety-six male Single Comb White Leghorn Hy-line W-36 roosters were 
obtained from a commercial pullet house at 13 weeks of age [27].  Birds were transported 
to the West Virginia University poultry farm and housed in floor pens located in a cross-
ventilated negative pressure room. Water was provided ad libitum through nipple 
drinkers and a rooster maintenance diet (12% CP, 3200 kcal/kg ME) was provided for ad 
libitum consumption.  Temperature was maintained at 70oC to provide maximum bird 
comfort.  A 21-day adaptation period was utilized to ensure that roosters were acclimated 
to new facilities. 
  At the conclusion of the adaptation period, roosters were withheld feed for 24 
hours.  Thirty-two roosters were chosen at random and cecectomy surgeries were 
performed [28].  These birds were designated as cecectomized roosters (CEC) and fed the 
maintenance diet following recovery.  The remaining 64 roosters were divided into two 
groups.  One group was fed only the maintenance diet (CONV).  The second group was 
fed the same maintenance diet supplemented with grass clippings mixed at a 7% 
inclusion level as determined by past research (C+G) [29].  This diet was fed for 4 weeks 
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and utilized to establish a microbial population in the ceca that may be similar to a broiler 
chicken with access to pasture.        
 Following a 4-week recovery/diet adaptation period, all roosters were moved to a 
cross-ventilated negative pressure room and individually housed in 18in x 18in (45.72cm 
x 45.72cm) raised wire cages containing cup drinkers and external feed troughs.  
Roosters were randomly assigned to one of seven dietary treatments.  Four treatments 
consisted of diets utilized in a preceding organic broiler performance study [30].  These 
diets were normal energy with no enzyme (NOR/NE), normal energy with enzyme 
(NOR/E), low energy with no enzyme (LOW/NE), and low energy with enzyme 
(LOW/E).  Diets were certified organic.  The low energy diet was utilized to test enzyme 
efficacy in the preceding organic broiler performance study.  The NSP enzyme was 
derived from the fermentation of Aspergillus aculeatus and contained β-glucanase, 
pentosanase, and hemicellulase hydrolysis activities and was included in the diet at 
0.11% when applicable [31].  A conventional broiler grower diet (GROW) was utilized to 
compare organic grower diets to conventional grower diets (Table 2).  The two remaining 
treatments consisted of a composite forage sample (FOR/NE) and a composite forage 
sample mixed with the same NSP enzyme (FOR/E) [32].  The composite forage samples 
were harvested from the poultry pasture paddocks at the West Virginia University 
Organic Farm.  A typical poultry pasture paddock at the WVU Organic Farm contains 
Kentucky Bluegrass, tall fescue, white clover, and red clover.  Three bird types were 
utilized (CEC, CONV, C+G) and all dietary treatments were replicated four times within 
each bird type.  Four roosters from each bird type were used to estimate endogenous 
losses.   
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 Digestibility assays were performed using the procedure outline by McNab [33].  
A 48-hour fasting period was utilized in order to clear any undigested material from the 
GI tract.  At the conclusion of the fasting period, roosters were precision-fed 30g of feed 
or 17g of forage via a tube inserted directly into the crop.  Water was provided ad libitum 
through nipple drinkers.  Excreta were collected for 48 hours by placing individual plastic 
trays under wire cages. Excreta samples were weighed, dried [34], and ground to 1mm 
[35].  All dried ground excreta were analyzed for gross energy [36] and nitrogen [37].  
Additionally, excreta from roosters precision-fed the FOR/NE and FOR/E were analyzed 
for amino acid content [38].  Values for TMEn and AMEn were calculated for all roosters 
and true amino acid digestibility (TAAD) was calculated for roosters precision-fed 
FOR/NE and FOR/E.  All leghorn roosters were utilized in accordance to protocols 
established by the West Virginia University Animal Care and Use Committee- ACUC # 
04-0201 (Appendix V).  
Statistical Analysis 
 The GLM analysis of variance procedure of the Statistical Analysis System (SAS) 
[39] was used to compare AMEn and TMEn for all treatments and TAAD for forage.  
Fisher’s Least Significant Difference test was used for multiple comparisons between 
mean values of all treatments for AMEn and TMEn and for mean values of forage 
treatments for TAAD.  A bird type x diet factorial randomized complete block analysis 
was utilized in order to explore main effects and interactions for AMEn and TMEn for all 
dietary treatments and TAAD for forage.  Roosters were blocked by location within the 
room.   Orthogonal contrasts were utilized to assess effects of overall enzyme 
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supplementation, enzyme supplementation in organic diets, and enzyme supplementation 
in forage for AMEn and TMEn.  Alpha was designated as 0.05.        
Results and Discussion 
AMEn and TMEn
Values for AMEn and TMEn are represented in Table 3.  Variation was observed 
between AMEn and TMEn values within dietary treatment (Table 3).  Formulated 
metabolizable energy is consistent with AMEn values for organic and conventional 
grower diets (Table 1 and 2).  Nitrogen-corrected TME values for feed were 
approximately 573.7 kcal/kg higher than AMEn values.  This trend was also reported by 
Francesch [40] and Yaghobfar and Boldaji [41].     
 Dietary treatment significantly affected both AMEn and TMEn values (P=0.0001 
and P=0.0001, respectively) (Table 3).  Roosters precision-fed NOR/E, NOR/NE, and 
GROW did not differ significantly (P=0.0001).  However, roosters precision-fed the 
LOW/E had similar AMEn and TMEn values compared to roosters precision-fed 
NOR/NE and higher AMEn and TMEn values compared to roosters precision-fed 
LOW/NE (P=0.0001).  The variation in enzyme effect between normal energy diets and 
low energy diets is supported by Kocher [42] and Scott [43].  Kocher reported no 
significant enzyme effect in AME when broiler chickens were fed a nutritionally 
adequate lupin-based diet [42].  However, Scott et al. reported an enzyme effect only 
when broiler chicks were restricted to 80% and 60% intake.  Restricted fed birds had 
similar AME values compared to ad libitum fed birds when supplemented with a NSP 
enzyme; however, restricted-fed birds were not able to overcome nutrient deficiencies 
when diets were not supplemented with a NSP enzyme [43].  The authors contribute this 
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finding to an increase in a restricted-fed bird’s ability to digest the feedstuff and attain 
higher growth.  Forage AMEn and TMEn values were lower than all other dietary 
treatments (P=0.0001) (Table 3).  Villamide and San Juan reported similar findings with 
high fiber diets [44].  These data suggest that poultry may obtain a small amount of 
energy from forage.  This communication’s companion paper reported that broiler 
chickens were not able to overcome a 7% reduction in dietary energy through forage 
alone [30].  However, forage energy content in the aforementioned paper was 
overestimated.  Metabolizable energy values for alfalfa were used to estimate energy 
content of the forage.  Alfalfa values (1200 kcal/kg as fed) were higher than the AMEn 
and TMEn values reported in Table 3. 
Orthogonal contrasts resulted in enzyme supplementation significantly affecting 
AMEn and TMEn values of organic grower diets (P=0.0213 and P=0.0234, respectively).  
Roosters precision-fed organic diets supplemented with an exogenous enzyme had higher 
AMEn and TMEn values than roosters precision-fed organic diets with no enzyme 
supplementation.  These data are consistent with Brenes et al. and Chidothe [10, 11].  
Supplementing forage with enzyme did not significantly affect AMEn or TMEn; however, 
there was a trend toward a numerical increase in AMEn and TMEn values for roosters 
precision-fed FOR/E (P=0.1906 and 0.1903, respectively).  Additionally, bird type had 
no effect on AMEn or TMEn values for all dietary treatments (P=0.2453 and P=0.3609, 





TAAD for Forage 
 The nutrient composition of the forage treatment is represented in Table 4.    
Values for TAAD are represented in Table 5.  TAAD values for forage samples were 
similar to TAAD values for alfalfa meal reported by the NRC [2] and Han and Parsons 
[45].  Roosters precision-fed the FOR/E treatment had numerically higher TAAD than 
roosters fed the FOR/NE treatment with the exception of arginine, methionine, and 
tyrosine (Table 5).  However, enzyme supplementation did not significantly affect TAAD 
for any amino acid (P>0.05).   
Bird type resulted in TAAD trends for aspartic acid (P=0.0893), serine 
(P=0.1025), glutamic acid (P=0.0714), alanine (P=0.0919), leucine (P=0.0864), 
phenylalanine (P=0.1013), and tyrosine (P=0.0849) (Table 5).  Cecectomized roosters 
excreted more of the respective amino acid than CONV and C+G roosters resulting in a 
lower digestibility (data not compiled in table).  Han and Parsons reported a significant 
decrease in digestibility between cecectomized and intact roosters for all aforementioned 
amino acids with the exception of leucine [45].  Parsons has stated that TAAD values 
obtained from cecectomized roosters more accurately describe amino acid digestibility of 
the bird than TAAD values obtained from intact roosters [46].  These data suggest that 
poultry may utilize a significant amount of amino acids found in forage to meet nutrient 
needs.  However, early inclusion of grass into the diet was not found to affect amino acid 




Conclusions and Applications 
 
 
1.  Supplementing organic grower diets with an exogenous NSP enzyme cocktail may 
increase rooster AMEn and TMEn.  
 
2.  Poultry may obtain small amounts of energy from pasture forage (285.4 to 541.8 
kcal/kg). 
 
3.  Poultry have the ability of utilize amino acids found in forage to meet their nutrient 
requirements.  True amino acid digestibility values for methionine, threonine, and lysine 
were approximately 88%, 84%, and 79%, respectively.  
 
4.  Manipulation of the diet to alter cecal microbial population has no effect on TMEn, 
AMEn, and TAAD for roosters fed forage. 
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Table 1.  Diet formulations and nutrient parameters for organic diets. 
 
Ingredients Nor/ EA Nor/ NEB Low/ EC Low/ NED
Organic Corn 58.81 58.82 50.37 50.39 
Organic Soybean FFE 31.38 31.39 33.81 33.83 
Organic Soybean FPF 6.46 6.47 5.62 5.63 
Limestone 1.53 1.55 1.34 1.36 
Dicalcium Phosphate 1.24 1.26 1.28 1.29 
Salt 0.31 0.33 0.32 0.33 
Poultry PremixG 0.16 0.18 0.17 0.18 
DL-Methionine ------ ------ ------ ------ 
SandH ------ ------ 6.98 6.99 
Ronozyme VP 0.11 ------ 0.11 ------ 
Calculated Nutrients 
ME (kcal/kg) 3200 3200 2976 2976 
Crude Protein (%) 19.89 19.89 19.89 19.89 
Methionine (%) 0.32 0.32 0.31 0.31 
ANormal Energy with Enzyme Inclusion 
BNormal Energy with NO Enzyme Inclusion 
CLow Energy with Enzyme Inclusion 
DLow Energy with NO Enzyme Inclusion 
Efull fat roasted soybeans 
FFrench pressed soybean meal 
GSupplied per kg of diet: vitamin D3, 3306 ICU; vitamin A, 8816 IU; vitamin E, 22 IU; vitamin K, 1.7 mg; thiamin, 1.1 mg; riboflavin, 5.5mg; niacin, 44mg; D-pantothenic acid, 
11mg; pyridoxine 2.2mg; folic acid 0.6mg; biotin, .03mg; vitamin B12; .013mg; choline (0.05% inclusion), 300mg; calcium, 75mg; sodium, 0.02 mg; potassium, 1.1 mg; 
magnesium, 21 mg; manganese, 144 mg; zinc 80 mg; iron, 32 mg; copper, 8 mg; iodine, 1.6 mg; selenium, 0.32 mg. 
HWashed Builders Sand 
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Table 2.  Diet formulations and nutrient parameters of conventional diet. 
 
Ingredients Conventional Grower 
Corn 59.13 
Soybean 29.82 
Soybean Oil 3.67 
Corn Gluten 4.50 
Defluorinated Phosphate 1.20 
Limestone 1.10 
Salt  0.18 
Poultry PremixA NB3000 0.25 
Methionine 0.02 
Coban 60B 0.08 
BMD 50C 0.05 
Calculated Nutrients  
ME (kcal/kg) 3200 
Crude protein (%) 21.07 
Methionine (%) 0.38 
ASupplied per kg of diet: manganese, 0.02%; zinc, 0.02%; iron, 0.01%; copper, 0.0025%; iodine, 0.0003%; 
selenium, 0.00003%; folic acid, 0.69mg; choline, 386mg; riboflavin, 6.61mg; biotin, 0.03mg; vitamin B6, 
1.38mg; niacin, 27.56mg; pantothenic acid, 6.61mg; thiamine, 2.20mg; manadione, 0.83mg; vitamin B12, 
0.01mg; vitamin E, 16.53 IU; vitamin D3, 2133 ICU; vitamin A, 7716 IU. 
BActive drug ingredient Monensin Sodium 60gpb (90g/ton inclusion)-  Elanco Animal Health, 
Indianapolis, IN.  As an aid in the prevention of coccidiosis caused by Eimeria necatrix, Eimeria tenella, 
Eimeria acervulina, Eimeria brunette, Eimeria mivati, and Eimeria maxima 
CBacitracin Methylene Disalicylate 50g/lb (50g/ton inclusion)- Alpharma, Fort Lee, NJ.  For increased rate 




Table 3. Nitrogen-corrected apparent metabolizable energy and nitrogen-corrected true 



































3 Bird Types x 7 Dietary Treatments- Factorial Arrangement 
 
Bird Type P-value 
 
0.2453 0.3609 
Dietary Treatment P-value 
 
0.0001 0.0001 
Bird Type x Dietary 
Treatment Interaction 
0.9845 0.9959 
P-values for Enzyme vs. NO Enzyme Contrast 
 
Overall 
Enzyme x No Enzyme 
0.2478 0.2609 
Feed  
Enzyme x No Enzyme 
0.0213 0.0234 
Forage  
Enzyme x No Enzyme 
0.1906 0.1903 
AFisher’s Least Significant Difference value 
a-dMeans within a column without a common superscript differ significantly (P<0.05) 
 69




Moisture (%) 17.5 
GE (kcal/kg) 4263.6 
Crude Protein (%) 17.60 
Neutral Detergent Fiber (%) 31.17 
Acid Detergent Fiber (%) 18.22 
Amino Acids (%) 
 
Aspartic Acid 1.56 
Threonine 0.67 
Serine 0.61 












1Values are expressed on a dry matter basis 
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Table 5.  True amino acid digestibility of forage. 
 Amino Acids (%)1
 Asp Thr Ser Glu Pro Ala Val Ile Leu Phe Lys Arg Cys Met Tyr 
FOR/E 
 
87.4 85.0 91.3 87.7 91.2 87.6 89.2 88.4 91.4 90.9 78.6 90.9 77.3 87.4 94.5 
FOR/NE 
 
87.0 82.2 89.6 86.4 86.1 86.8 88.2 87.9 90.6 90.1 80.0 92.3 73.5 88.3 95.3 
P-value 
 
0.9300 0.6663 0.8324 0.8291 0.4607 0.8682 0.8694 0.9372 0.8806 0.8662 0.8882 0.8372 0.7882 0.8605 0.9096 
3 Bird Types x 2 Dietary Treatments- Factorial Arrangement P-values 
Bird Type 
 
0.0893 0.1257 0.1025 0.0714 0.3028 0.0919 0.1126 0.1097 0.0864 0.1013 0.6373 0.9229 0.1183 0.1600 0.0849 
Treatment 
 
0.9268 0.6568 0.8270 0.8190 0.4780 0.8619 0.8650 0.9348 0.8738 0.8604 0.8947 0.8477 0.7830 0.8599 0.9044 
Interaction 
1Asp= aspartic acid, Thr= threonine, Ser= serine, Pro= proline, Ala= alanine, Val= valine, Leu= leucine, Phe= phenylalanine,  
 
0.8844 0.7566 0.9607 0.9144 0.9270 0.8154 0.8308 0.7807 0.7455 0.7807 0.6111 0.4758 0.9014 0.9312 0.7597 
Lys= lysine, Arg= arginine, Cys= cysteine, Met= methionine, Tyr= tyrosine 
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Appendix I:  Lignin and Non-Starch Polysaccharide Components of Common Cereal Grains, Cereal By-products, and Fiber Rich 
Materials 
 
NSP Content (%) 
 
 Corn  
 





Lignin 1.1 1.9 2.1 0.9 3.2 0 16.2 15.3 12.8 
ß-glucan 0.1 0.8 1.6 4.2 4.1 0.1 ----- ----- ----- 
Cellulose 2.2 2.0 1.6 1.0 1.4 0.5 16.2 19.5 13.9 
Soluble NSPs 
Arabinose 0.3 0.7 1.2 0.3 0.3 0.1 0.5 0.4 0.7 
Xylose 0.2 0.9 2.0 0.4 0.2 0.1 0 0 0.4 
Mannose 0.2 0.2 0.2 0.1 0.1 0.3 0.3 0.3 0.1 
Galactose 0.1 0.2 0.1 0.1 0.2 0 0.3 0.3 0.5 
Glucose 0.1 0.4 0.6 4.1 4.5 0.2 0.2 0.5 1.1 
Uronic Acids 0.1 0.1 0.1 0.1 0.2 0 2.3 1.4 4.7 
Insoluble NSPs 
Arabinose 1.9 2.2 2.4 1.7 1.0 0.3 2.1 2.4 1.8 
Xylose 2.8 3.8 4.1 2.4 2.1 0.3 8.5 9.4 5.2 
Mannose 0.1 0.1 0.3 0.3 0.2 0 0.3 0.2 0.6 
Galactose 0.4 0.2 0.4 0.2 0.2 0 0.8 0.9 1.0 
Glucose 0.9 0.7 2.0 1.7 1.1 0.6 2.4 1.8 0.2 
Uronic Acid 0.6 0.4 0.3 0.1 0.3 0.2 2.4 2.5 2.5 
Total NSPE 9.7 11.9 15.2 12.4 11.6 2.5 36.6 39.8 32.9 






EOnly select compounds were chosen for table.  Values within a column may not equal % Total NSP. 
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Appendix II:  Composition and properties of non-starch polysaccharide enzyme 
 
Composition 1g contains 
β-glucanase from Aspergillus aculeatus (dehydrated) 70mg 
Dextrin 40mg 
Cellulose 70mg 
Hydrogenated vegetable oil 70mg 
Calcium carbonate 90mg 
Kaolin 120mg 





Bulk Density 1.1 g/mL 
Average Particle Size  550 μm 
Declared Activity (minimum) 50 FBG/gA
Dose Recommendation 300-1200 g/tonne 
Average pH value 8.0-9.0 
Aactivity of Fungal Endo-1,3(4)-β-glucanase in one gram of product 
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A small area along the wing vein was plucked and alcohol was applied to the site.  
Sodium pentabarbitol (65mg/mL) was injected into the wing vein, at a dosage of 20-30 
mg/kg, using a 3mL syringe and a 26-gauge needle.  After properly anesthetizing the 
bird, the right leg was suspended over the ribcage and the feathers along the surgical site 
were removed.  Betadine was evenly applied throughout the entire surgical site to reduce 
chances of infection.  The analgesic lidocaine was injected in a 1mL dose into the muscle 
surrounding the surgical site using a syringe and a 25-gauge, 5/8-inch needle.  A 1.5-inch 
horizontal incision was made along the lower left abdomen using a 10-blade scalpel.  
Tweezers and iris surgical scissors were used to cut and separate muscle layers until the 
peritoneal cavity was exposed.  The intestine and attached ceca were pulled through the 
incision using Allis tissue forceps.  After the ceca were located, the tissue was ligated 
using hemostats.  2-0 silk sutures were placed along the intestinal wall and the ceca were 
removed.  The entire abdominal cavity was saturated with penicillin to prevent infection 
and the muscle layer and dermal layer were sutured using 3-0 chromic gut suture and a 
3/8 reverse cutting needle.  Throughout the duration of the procedure, reflexes were 
monitored by pinching the comb of the bird.  Following the conclusion of the surgery, the 
birds were returned to raised wire cages and provided ad libitum feed and water.  Iodine 
was administered along the surgical site.  Oxytetracycline was injected intramuscularly 
once a day for three days.   































